Background: Fumigation of freight containers to prevent spread of pests and off-gassing of freight are sources of volatile chemicals that may constitute significant health risks when released. The aim of the study was to investigate the regulation and practice of container handling in Denmark with focus on preventive measures to reduce risk of chemical exposure. Methods: A comprehensive systematic search of scientific literature, legislation and recommendations related to safe work with transport containers from international and Danish regulatory bodies was performed. The practice of handling containers was investigated in a qualitative study based on a series of semi-structured interviews with key informants, including managers and health and safety representatives of organizations that handle containers. Results: Although several international and national regulations and local safety instructions relate to container handling, the provided information is not sufficiently detailed to conduct safe practice in many aspects. In accordance with the scientific literature, the interviewees estimate that there is a high frequency (5 to 50%) of containers with hazardous chemical exposure that are regarded as potentially damaging to health, although recognisable health effects are rare. There is limited knowledge about the types of chemicals, which mostly cannot be measured by available devices at the worksite. Aeration and use of personal protective equipment are typical preventive measures in practice, but their use is not consistent and does not necessarily ensure adequate protection. Conclusions: Managers, workers, even occupational health professionals have limited knowledge about the hazardous chemicals that can be released from containers. Detailed risk assessment and specific instructions on risk management are needed for safe handling of transport containers.
Background
Residues of toxic industrial chemicals and pesticide fumigants in freight containers can expose employees and customers all over the world [1] . Fumigation is a widely used method to prevent a multitude of pests, i.e. fungi and arthropods, from destroying natural products and spread worldwide during transport [2] . Previous studies in the harbours of Hamburg and Rotterdam have identified high frequencies of containers contaminated with fumigants and other industrial chemicals, such as methyl bromide and formaldehyde, the concentration of which in many cases exceeded the chronic recommended exposure levels [1, 3] . Inspections of containers unloaded in ports have shown that many containers have gone through a previous treatment with fumigants, which was not documented. Even containers declared as ventilated may still have a high concentration of hazardous chemicals inside when opened. A study in the Netherlands detected methyl bromide, formaldehyde and phosphine in 21% of containers that were typically not declared as chemically treated [4] . The rare occurrence of adequate labelling was also noted in the Port of Hamburg [5] .
These observations show that caution has to be taken when handling containers, especially if transported in international trade.
The 2009 International Standards for Phytosanitary Measures No. 15 of the International Plant Protection Convention defines how packing materials used in international trade must be treated for preventing spread and deterioration caused by pests [6, 7] . Traditionally, methyl bromide is the chemical that is used for the fumigation of containers. However, methyl bromide is to be gradually phased out by the requirements of the Montreal Protocol on Substances that Deplete the Ozone Layer and the Integrated Pollution Prevention and Control recommendation for the replacement of methyl bromide [8, 9] . The phasing out of methyl bromide led to the introduction of other chemical substances for fumigation of transport containers.
In addition to the exposures relating to the fumigation process in the supplier countries, employees can be exposed to toxic gasses when inspecting and unpacking containers in the port of arrival or when unloading containers at the final destination of the imported goods [10] . The fumigants most frequently detected in freight containers are methyl bromide, hydrogen phosphide, ethylene dichloride, trichloronitromethane, chloropicrin and ethylene oxide. Organic solvents, such as toluene, styrene and benzene, as well as other industrial chemicals, such as formaldehyde, are also frequently reported pollutants in containers [1, 7, 11, 12] . The characteristics of the chemicals, such as toxicity, flammability, volatility, and relative persistence, determine the level of risk they impose on human health [7] . Some of the chemicals are extremely flammable, such as hydrogen phosphide and ethylene oxide. The symptoms of toxic effects predominantly observed in exposed workers are headache, dizziness, nausea, skin and mucous membrane irritation, and concentration and memory problems [3, 10, 12] . The main targets of toxic effect are the respiratory and the nervous system. Ethylene oxide, formaldehyde and benzene can damage DNA and induce cancer as recognised by the International Agency for Research on Cancer, while some fumigants, such as methyl bromide, are suspected carcinogens [2, [13] [14] [15] .
Although opening, inspecting and unloading containers may pose considerable level of health risk to the workers as they are exposed to chemicals, especially if the container has previously been fumigated, we know very little about the health and safety measures in practice of these work activities. The aim of this descriptive study is to investigate the regulation and practice of container handling in Denmark with a focus on the adequacy of regulations to guide safe practice and the effectiveness of preventive measures applied to reduce the risk of chemical exposure.
Methods
A comprehensive review of the international and Danish regulations that are relevant to preventing chemical exposures released from transport containers was performed. The systematic search included the review of webs-based public domains of international organisations, such as the International Labour Organization (ILO), the International Maritime Organization (IMO), and the European Union (EU), as well as of Danish national regulatory bodies. Links between the regulations at international and national level were identified using information e.g. on the extent to which EU regulations are implemented in different EU member states, including Denmark.
To study the local safety instructions and practice of container handling in Denmark with regard to prevention from potential chemical exposures, an explorative survey of qualitative study design was executed [16] . Interviews were conducted with nine managers and occupational health and safety representatives of organisations that carry out inspection or unloading of transport containers in Danish harbours. The selection of respondents was based on a purposeful snowball sampling method of individuals that were deemed to be rich in information and experiences related to the topic [16] . The conducted interviews flexibly followed a template that included questions about work activities, potential chemical exposures, experienced health effects, health and safety regulations and applied preventive measures (Additional file 1). This semistructured face-to-face method was used to support the respondents to share their views and to gain in-depth information about the topic. The interviews were performed at the site of the establishment. Notes and voice records were taken during the conversations. Information extracted from the notes and records was transcribed to a database. The summarised data were qualitatively described and analysed in relation to the results of the review of regulations.
Results

Regulations to prevent harmful chemical exposures during container handling
Several regulations identified on international and national level have relevance to the prevention of chemical exposures during container handling. The regulations and their relationships are illustrated in Figure 1 .
The central instruments of the ILO (Occupational Safety and Health Convention No. 155 and Occupational Safety and Health Recommendation No. 164), the European Framework Directive on Safety and Health at Work (89/ 391/EEC), and the Danish Working Environment Act (LBK no. 1072 of 07/09/2010) draw the principles for protecting workers' health. Both on EU and national level, additional specific regulations can be identified as relevant to container handling. These regulations concern general aspects of occupational health and safety as well as use of preventive measures to protect workers from chemical exposures at the workplace, including engineering control, administrative measures and personal protective equipment.
Legal instruments dealing with chemical safety and use of chemicals at workplaces can substantially influence the risk of chemical exposure from transport containers. The purpose of the ILO code of practice "Safety in the use of chemicals at work" is to prevent or reduce the incidence of chemically induced occupational illnesses and injuries [17] . The United Nations' Recommendations on the Transport of Dangerous Goods states the basic requirements for the transportation of hazardous substances, while the International Maritime Dangerous Goods (IMDG) Code of IMO regulates the transport of dangerous goods by sea [18] . The IMDG Code covers issues such as packing, container transportation and stowage. The supplement of this Code includes the "Recommendations on the safe use of pesticides in ships" which closely relate to phytosanitory precautions in international trade. The International Plant Protection Convention has developed the International Standards for Phytosanitary Measures No. 15 (ISPM 15) which addresses treatment of the wood packing material that is used in connection with shipping of products between countries. This treatment is required for the prevention of spread of infestation [6] . ISPM 15 requires all wood packing material to be debarked and then heat treated or fumigated with methyl bromide. Following fumigation, an international mark declaring previous chemical treatment must be placed on the container. The EU requirements for wood packing materials are based on ISPM 15 [19] .
The Danish Chemicals Act (LBK no. 878 of 26/06/ 2010) regulates the safe trading and use of chemical substances and products. If pesticides are used for treating freight in Danish ships or in foreign ships in Danish ports, the IMO Recommendations on the safe use of pesticides in ships must be followed as described in the IMDG Code [20] . The Danish regulation (Executive Order on imports of plants and plant products, etc. BEK no.1301 of 17/12/2012) follows the approved treatments specified in ISPM 15 on Guidelines for regulation of wood packaging material in international trade.
Practice of container handling and prevention of chemical exposures
The interviewed managers and occupational health and safety representatives of container handling companies provided an overview of the practice of working with transport containers. The interviewees gave information about the perceived level of risk from chemical exposure on the employees, experience of health effects related to chemical exposures, knowledge of applicable health and safety regulations, and about the preventive measures used in practice.
Two major working populations can potentially be exposed to hazardous chemicals when handling containers in Danish harbours. The first are the workers who unload freight from containers, the second are the government officers in charge of inspecting transported goods.
Unloading is a typically manual task with limited automation. Workers have to go inside the container and carry the goods by hand. In the event of inspection, an employee of the transporting company, e.g. the truck driver will usually open the container but the officer is the first to enter. The inspection often requires moving deep inside the container, climbing on boxes or partly unloading the freight. If unloading is necessary, it is carried out by the transporting company's workers and only rarely by the officers themselves.
In spite of limited knowledge about the potential health risks that chemical exposures from fumigated containers can pose on the employees who enter the containers, all the interviewees agreed on the existence of such exposures. They expressed the concern about frequent chemical exposure and estimated the proportion of containers polluted with hazardous chemicals to be in the range from 5% to as high as 50%. According to their experiences, 20% to 50% of the containers have a distinct perceivable odour. In contrast, they recalled a very low -typically less than 5% -frequency of containers that are documented and labelled as previously fumigated or chemically treated. When asking about chemicals that can accumulate in containers, methyl bromide was the only one that all interviewed persons could quote. Some interviewees expressed their awareness about the occurrence of general industrial chemicals in containers but could not specify them. Situations where there appears to have been the potential for exposure were also mentioned. For example instances have been noted where white powder was detected in some containers and the identity of the powder was unknown.
Most of the interviewees assumed that chemical exposures from transport containers may damage workers' health if exposure occurred over a sustained period. Inspectors were reported to be increasingly aware of the risk, although their specific knowledge is still little. Manual workers continue to have a very limited understanding of the risk posed to them from chemical exposure in transport containers. Regardless of their level of knowledge, fear is not typical among the potentially exposed employees.
The most common acute health effect that can potentially be related to chemical exposures during container handling is headache. It was more frequently experienced in the past and tends to be related to special types of freights, such as rubber tyres. Eye irritation and unspecified discomfort are also experienced occasionally. However, none of the interviewees could remember chronic intoxications/occupational diseases with medically established connection to previous chemical exposures.
The interviewed managers were aware of the existence of relevant international and national regulations although they were typically not able to specify them. On the other hand, the interviewees were more knowledgeable about the local instructions of their organisations, which are based on the relevant international and national regulations and made available for the employees. Besides the general provisions for workplace health and safety, e.g. risk assessment, education, use of safety equipment and personal protective equipment, the local instructions, however, give insufficient guidance for several practical challenges of preventing chemical exposures during work with containers.
In practice, the measures applied in the approached container handling organisations to prevent harmful chemical exposures released from transport containers are primarily based on the attempt to identify the containers that carry occupational health risks. The review of documentation is reported to be the main way to get information about previous chemical treatment, although, as discussed above, such documentation is rarely seen and likely to be absent in a major proportion of containers that have been fumigated in the supplier country. Apart from the documents, strange odour, the type of goods and the country of origin may create suspicion. According to experiences, containers arriving from developing countries with food, footwear, furniture and other wood products may most frequently carry chemical hazards. Equipment for monitoring of container air is available in some of the organisations only, and even if available, the measuring device can detect only methyl bromide but no other potentially harmful chemicals. In some organisations a suspicion is sufficient for applying specific preventive measures while others would require positive results of air measurements to take action. Table 1 summarises the main preventive measures and the concerns related to their effectiveness in reducing chemical exposures to an acceptable level.
The decision and choice of preventive measures to be used in practice are often left to the directly involved employees and the actions taken show considerable variation. The main preventive measure to reduce chemical exposure is natural ventilation; active ventilation is not used in practice. The conditions of aeration are not consistently applied; the reported ventilation times vary between 2 and 48 hours without any knowledge of whether this amount of time is sufficient or not. The other major way of preventing adverse health effects of chemical exposures is the use of appropriate personal protective equipment. Although masks are usually provided to the workers, they are mainly dust masks that do not prevent exposure to chemical vapours. Suitable gloves are typically available, and the use of coveralls was also reported by some interviewees. In practice, however, the overall frequency of wearing personal protective equipment is low.
Discussion
Both international and national legislation provide a framework to prevent exposure to chemicals during the handling of freight containers in Denmark. The local safety instructions of container handling organisations illustrate a systematic approach towards the prevention of toxic chemical exposures at work. They are, however, not sufficiently specific in details with respect to the application of precautions aimed at protecting human health from chemical exposures in practice. The main concerns about practices where the guidance provided by regulations falls short are the identification of hazardous containers, the applied method of ventilation, and the appropriate use of adequate personal protective equipment.
This qualitative analysis of the regulations and practice of preventing exposure to harmful chemicals during container handling provides new information regarding the shortcomings in Denmark. Other nations would also benefit from scrutinising their own practices in this field of health and safety practice. Typical for qualitative research, the interview survey included a limited number of participants who may not represent all stakeholders and therefore the findings can only be generalised to the Danish context with caution. Nevertheless, the observations are consistent with those reported by the few studies that investigated occupational chemical exposures released from transport containers [1, 7, 12] . The interviewees' estimates of a high frequency of chemically contaminated containers is in line with the measurements carried out in the harbour of Hamburg that found 70% of freight containers to be contaminated with toxic chemicals above the chronic reference exposure level values [1] . Managers and occupational health and safety representatives assume that hazardous chemicals found in containers can potentially damage workers' health, although they perceive that recognisable health consequences are rare in practice. Considerable hidden morbidity of borderline cases and difficulty to establish causal relationship between an exposure and a disease with long preclinical phase might be explanations for the scarcity of diagnosing occupational diseases in relation to previous chemical exposures.
The implementation of the Montreal Protocol led to a reduction in the number of containers treated with methyl bromide, but at the same time, it resulted in the introduction of several new substances for container fumigation. Consequently, international regulations which aim to protect the environment may increase the risk of chemical exposure in employees who work in the freight container industry. A number of hazardous chemicals are detected in freight containers and this finding may explain the higher incidence of neurological and respiratory health effects observed among container workers [3, 12] . The health hazards of some of these substances are still not entirely understood and there are no specific reporting schemes for health effects possibly related to chemical exposure during container handling.
Monitoring techniques used in practice are insufficient as they do not detect most of the harmful chemicals [3, 11] . Although the detailed analysis of several chemicals requires There are no adequate ventilation times specified for the aeration of containers. Required time depends on numerous factors, such as the type of hazardous chemical, type and amount of freight. Even 48-hour passive ventilation may not be sufficient in some cases [21] . Forced ventilation is more effective than aeration, especially with extraction fan, as proposed by Svedberg and Johanson [22] .
Conclusions
Workers are potentially exposed to hazardous chemicals when handling transport containers and regulations do not provide adequate guidance to employers with respect to conducting safe practices. Based on these findings, it is essential to address the issue to relevant regulatory bodies so that they review the occupational health and safety regulations related to container handling to protect the employee both now and in the future. Several areas of practice, including identification of polluted containers by regular air monitoring with devices that can detect a broad range of hazardous chemicals, appropriate ventilation, biomonitoring and health surveillance, detailed risk assessment, informing workers about chemical risks, providing appropriate personal protective equipment and ensuring their adequate use warrant further scrutiny in order to ensure safe conditions for workers who handle transport containers.
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